Introduction {#S5}
============

Obesity has been identified as a major modifiable risk factor associated with morbidity^[@R1],\ [@R2]^ and mortality^[@R3],\ [@R4][@R5]^ The are differences between men and women regarding body fat distribution and its changes over time,^[@R6]^ suggesting that sex hormones may play a role in changes in body composition in both sexes. Cross sectional studies show that obesity is associated with lower levels of free and bioavailable testosterone (T) and sex hormone binding globulin (SHBG) in men,^[@R7],\ [@R8]^ but higher levels of estradiol (E2).^[@R8]^ In women, SHBG has also been shown to be lower in obese women while T levels are higher,^[@R9]^ and estradiol (E2) has been shown to be higher in overweight or obese women.^[@R10]^ There are limited data available from studies with longitudinal measures of central obesity. In a cohort consisting of predominantly white men aged 40--70 years, an increase in obesity during follow-up was associated with a decrease in total T, free T and SHBG.^[@R11],\ [@R12]^ In younger men aged 24 to 31 yrs at the time of first hormone measurement, only those with reduction in BMI over 8 yrs of follow-up had an increase in SHBG level with age, while those with a gain in BMI during the followup period had a decrease in total T (but not bioavailable T) associated with age.^[@R13]^ In the Penn Ovarian aging study (aged 35--47 years), among premenopausal women, overweight and obese women tended to have lower E2 levels, but this association was reversed after menopause,^[@R14]^ while in the Study of Women Across the Nation in 8--9 years of follow-up, perimenopausal women decreasing SHBG and an increase in bioavailable T and free androgen index were associated with increasing obesity.^[@R15],\ [@R16]^ Among premenopausal women in the CARDIA study, only decreasing SHBG levels but not T levels were associated with increasing BMI.^[@R17]^ Given these dynamic relationships around menopause, it is of interest to examine longitudinal relationships during the postmenopausal period.

We examined the cross sectional relationships of baseline endogenous sex hormones with baseline abdominal obesity and with longitudinal changes in abdominal obesity in men and women using data collected in the Multi-Ethnic Study of atherosclerosis (MESA).

Methods {#S6}
=======

MESA is a multicenter cohort study of the progression of subclinical atherosclerosis among men and women of four racial/ethnic groups within the United States: White, Chinese, Black, and Hispanic. The study design, detailing the recruitment from the population of individuals without clinical cardiovascular disease at baseline has been described previously.^[@R18]^ The institutional review boards of all participating institutions approved the research protocol. Of 3213 men and 3601 women from the MESA baseline, 3161 men and 3009 postmenopausal women had measurement of the sex hormones total testosterone (T), estradiol (E2), dehydroepiandrosterone (DHEA) and sex hormone binding globulin (SHBG). We excluded 958 women who were on current hormone replacement therapy and 15 men and 15 women who had missing data for covariates, leaving 3144 men and 2038 women in the cross sectional analysis. For the longitudinal analysis, 2954 men and 1856 women who had follow-up anthropometric data from at least one follow-up visit were included. The median and interquartile ranges of the time to the second visit were 578 days (498 to 663 days), and to the third visit were 1135 days (1084 to 1219 days), respectively.

Sex hormone measurements (Baseline) {#S7}
-----------------------------------

Serum samples obtained at the MESA baseline examination and stored at −70°C were used to assay sex hormone levels at the University of Massachusetts Medical Center in Worcester, MA. Total T and DHEA were measured directly using radioimmunoassay kits, and SHBG was measured by chemiluminescent enzyme immunometric assay using Immulite kits obtained from Diagnostic Products Corporation (Los Angeles, CA). E2 was measured using an ultra-sensitive radioimmunoassay kit from Diagnostic System Laboratories (Webster, TX). The intra-assay coefficients of variation for total T, SHBG, DHEA, and E2 were 12.3%, 9.0%, 11.2%, and 10.5%, respectively.

Anthropometric measurements (Baseline and follow-up) {#S8}
----------------------------------------------------

All participants were measured wearing light clothing and no shoes. Height was measured using Accu-Hite® stadiometers, rounded to the nearest mm. Body weight was measured using a Detecto Platform Balance Scale, rounded to the nearest pound. Waist and hip girth measurements were made in the standing position using Gulick II 150 cm anthropometric tape measures keeping the tape within a horizontal plane. No measurement was taken around clothing. Waist circumference was measured at the level of the umbilicus. Hip circumference was measured around the widest circumference of the buttocks. Waist-Hip ratio (WHR) was calculated from waist and hip girth measurements and used as our index of central obesity because it is the most strongly associated with prevalent atherosclerosis.^[@R19]^

Covariate assessment {#S9}
--------------------

A complete medical history questionnaire including medication use, smoking and alcohol consumption was obtained. Persons were considered current smokers if they had smoked cigarettes in the last 30 days. Seated blood pressure was measured using Dinamapp® apparatus, and the mean of the last two of three measurements was reported. Fasting blood samples were drawn between 7:30 am and 10:30 am. Fasting plasma glucose levels and serum triglyceride, total and high density lipoprotein (HDL) cholesterol levels were assayed. Serum low-density lipoprotein (LDL) cholesterol levels were calculated using the Friedewald equation.^[@R20]^ The insulin sensitivity measure QUICKI was calculated as 1/(log\[fasting insulin in µU/mL\]+log\[fasting glucose mg/dL\]),^[@R21]^ i.e., an inverse log transformation of the homeostatic model assessment of insulin resistance \[HOMA\]^[@R22]^). Diabetes was defined as a fasting plasma glucose \>= 126 mg/dL or use of anti-diabetic medications.

Statistical Methods {#S10}
-------------------

Continuous variables were tabulated as mean (± standard deviation) and sex differences tested using t-tests, or as median \[interquartile range\] and tested using rank sum tests if the distribution was skewed. Categorical variables were tabulated as percentages and sex differences were tested using χ^2^ tests. Differences in these variables were also tested between those participants who had any follow-up data versus those that had no follow-up data for either follow-up visit.

The associations of quintiles of sex hormone levels with WHR adjusted for age and race were estimated separately among men and women using ANOVA, and linear trends of these associations were estimated by linear regression. Age and race-adjusted regression analysis with log(sex hormone levels) were done in men and women. For E2, SHBG, and DHEA, pooled models were analyzed in men and women were analyzed if there was no statistically significant interaction by sex. Fasting plasma glucose, triglycerides, total and HDL cholesterol, systolic blood pressure, smoking and reported weekly moderate and vigorous exercise levels were examined as potential confounders. Parsimonious regression models included only those covariates that changed the beta coefficient for any sex-hormone/WHR association by 10% or more. All models presented included age and race as covariates, and sex was a covariate in models including both sexes. Regression models included either single hormones, or multiple hormone variables as covariates. Adjustment for SHBG was performed rather than calculated bioavailable T or E2 fractions because the calculated values for women do not correlate as well with measured free hormone levels.^[@R23]^ SHBG associations were tested for confounding by QUICKI. We used generalized estimating equations (GEE) to assess the longitudinal associations of WHR from all follow-up visits, accounting for within-subject correlations, with sex hormone variables as the exposure variable, adjusting for baseline WHR and follow-up time in days. All other covariates and sex strata were included as described for the cross sectional analysis. Associations were considered significant at p\<0.05. The statistical interactions for any heterogeneity by any race/ethnicity of the 16 WHR-sex hormone associations were assessed and considered significant at the Bonferroni corrected level of p\<0.003. We performed sensitivity analyses for the race and age-adjusted association of WHR and each hormone for confounding by examination center, reported education level, and reported habitual moderate to vigorous weekly exercise levels, by including each of the possible confounders as covariates in regression.

Results {#S11}
=======

Study population {#S12}
----------------

No follow-up data were available from 6% of men and 8.9% of women ([Table 1](#T1){ref-type="table"}). Compared to those with follow-up, those without follow-up data included a greater proportion of Blacks and Hispanics, and at baseline were slightly older and had slightly higher waist-hip ratios. However there was no significant differences in the baseline sex hormone levels between those with and without follow-up (data not shown).

In MESA, there were no differences between men and women in mean age at baseline or in race/ethnic distributions.^[@R18]^ However, as this analysis was restricted to postmenopausal women not using hormone therapy (HT) the women in the cohort included in this analysis were older than the men and less likely to be white. On average, women had higher systolic pressure, total and HDL-cholesterol, triglycerides and BMI, but lower fasting plasma glucose levels than men. There was no sex difference in diabetes prevalence, and a smaller percentage of women than men were current smokers or regular alcohol consumers. The average WHR was lower in women compared to men, as expected. The range of total T levels in men was widely separated from those in women, while there was a small overlap in the range of E2 levels. On average, men had higher DHEA levels and lower average SHBG levels compared to women.

### Cross-sectional association of WHR with sex hormones at baseline {#S13}

[Figure 1](#F1){ref-type="fig"} shows the baseline association of WHR with the quintiles of sex hormones, adjusted for age and race, among men and women. There was a positive relationship between T level and WHR in women whereas there was a strong inverse relationship in men. Similarly, but to a lesser degree, there was a non-significant positive trend for DHEA in women, and an inverse trend in men. In both men and women, higher E2 levels are associated with greater WHR, and higher levels of SHBG are associated with lower WHR.

Regression analysis of cross sectional data {#S14}
-------------------------------------------

[Table 2](#T2){ref-type="table"} shows various adjusted models of the association of log transformed sex hormones with WHR. The associations that were seen with the quintiles are all confirmed in regression analysis adjusted for age and race. After further adjustment for metabolic risk factors, some of the associations are slightly attenuated, and the association of WHR with both T and with DHEA loses statistical significance. Adjustment of models for T and E2 by SHBG levels shows that SHBG explains much, but not all of the association of these hormones with WHR. Conversely, adjustment for these steroid hormone levels does attenuate the association of SHBG with WHR either in men or women, but it is still very strongly significant. Adjustment for QUICKI (a monotonic transformation of the HOMA measure of insulin resistance) rather than glucose results in a marked attenuation of the associations of Total T and SHBG with WHR. The association of DHEA with WHR becomes non-significant on adjustment for Total T levels, but not on adjustment for E2 levels.

Regression analysis for longitudinal data {#S15}
-----------------------------------------

In longitudinal analyses ([Table 3](#T3){ref-type="table"}) adjusted for age, race and baseline WHR, higher baseline levels of T in men and SHBG in men and women was associated with lower WHR during the follow-up visit. Because baseline WHR was held constant for the comparison by hormone levels, this was interpreted as an association of baseline hormone levels with change in WHR over the follow-up period. In both men and women with the same WHR at baseline, higher levels of E2 at baseline are associated with greater WHR at follow-up. All of these associations are maintained on adjustment of baseline metabolic factors. However, after adjustment for QUICKI, the association of baseline T with follow-up WHR was no longer significant. The longitudinal association of baseline DHEA with follow-up WHR (for persons with the same baseline WHR) was significant and negative on adjustment for baseline E2 levels.

### Interactions by race/ethnicity {#S16}

All cross sectional and longitudinal models, stratified by sex and adjusted for age were examined for the association of each sex hormone with WHR. For 16 such exploratory models, none of the associations showed significant interactions by race/ethnicity that was significant at the Bonferroni corrected levels.

#### Sensitivity Analyses {#S17}

The associations of hormones with WHR at baseline or at follow-up were not confounded by examination site, education level as a proxy for socioeconomic status, and for reported habitual physical activity.

Discussion {#S18}
==========

In this study we report the cross-sectional and longitudinal associations of sex hormones with WHR in a large multi-ethnic population. We principally focused on WHR as an anthropometric measure of central obesity because it has been shown in meta-analyses to be much more strongly associated with prevalent coronary atherosclerosis,^[@R19]^ and as strongly associated with incident diabetes^[@R24]^ when compared to waist circumference or BMI.

In both men and women, higher levels of E2 are associated with larger baseline and follow-up WHR measures. Adjustment for SHBG does not affect the associations of E2 with WHR. This is the first study showing such a strong association of baseline E2 with the longitudinal changes in WHR in a large age range of postmenopausal women, and extends the observation in the immediate postmenopausal period reported for the POAS study.^[@R14]^ The strong cross sectional association we found is consistent with those reported in the Women's Ischemia Syndrome Evaluation study,^[@R25]^ where there was an independent association of both BMI and waist circumference with E2 levels.

It has been suggested that an androgenic state per se may be associated with greater cardiovascular risk factors in women while the opposite may be true in men.^[@R26]--[@R28]^ Though our cross-sectional findings for WHR are consistent with the above studies, when we consider the continued association over the trajectory of WHR over time, such an association was found only in men but not women. Further, in men, the longitudinal association of baseline T levels with WHR was explained by metabolic factors and SHBG levels. The significant cross-sectional associations are only partially explained by the correlation of T with SHBG levels, and remain significant when T was adjusted for SHBG, suggesting that the association is not with the T that is carried tightly bound to SHBG. Our observation of the increasing obesity over follow-up in men with lower SHBG at baseline is consistent with the results from the Massachusetts Male Aging Study that showed an increasing incidence of newly detected metabolic syndrome in men with lower SHBG.^[@R29]^ Also consistent with the metabolic syndrome associations seen in that study, in our analysis, higher SHBG levels at baseline were associated with lower WHR during follow-up, after accounting for WHR at baseline.

Previous cross sectional studies show that obesity is associated with lower levels of free and bioavailable testosterone (T) and sex hormone binding globulin (SHBG) in men.^[@R7]^ In women, SHBG has also been shown to be lower in obese women while testosterone levels are higher^[@R9]^, and estradiol (E2) has been shown to be higher in overweight or obese women.^[@R10]^ Our study confirms and extends the results of published longitudinal studies. Previous studies show an association between lower SHBG levels and obesity measured 12--15 years after baseline hormone measurements, larger WHR being associated with lower androgens in men,^[@R27]^ but not women,^[@R28]^ though these studies did not assess change in WHR. Recent results from the Massachusetts Male Aging study show that greater baseline obesity, and greater increases in obesity over time, was associated with a greater decrease in androgens, presumably linked to a greater decrease in SHBG.^[@R11],\ [@R12]^ In younger men aged 24 to 31 yrs at the time of first hormone measurement, the change in BMI over 8 yrs of follow-up modified the relationships of age with change in SHBG and total T but not bioavailable T.^[@R13]^ It has been shown that among obese men, a decrease in weight achieved by a very low energy diet increases SHBG and total testosterone levels.^[@R30]^ While some studies of weight loss trials in obese adolescent girls^[@R31]^ and amenorrhic women^[@R32]^ have reported reductions in androgens, and population based studies in pre and perimenopausal women have reported the strong longitudinal association of SHBG with obesity, and inconsistent relationships with testosterone levels,^[@R15]--[@R17]^ ours is the first study reporting longitudinal WHR findings in a population-based sample of postmenopausal women.

SHBG, in addition to its role as a sex hormone transporter, is thought to modulate sex hormone actions through its membrane bound receptor.^[@R33]^ The secretion of SHBG from the liver is sensitive to nutritional status.^[@R34]^ Insulin is known to suppress the secretion of SHBG in vitro^[@R35]^ and may do so in vivo.^[@R36]^ SHBG levels have been shown to be associated with insulin sensitivity rather than insulin secretion during glucose challenge.^[@R37]^ Consistent with this, we found that the association of SHBG with WHR is much attenuated on adjustment for glucose levels and further by adjustment for the insulin sensitivity measure QUICKI. However in all models, SHBG remains significantly associated with WHR, with the exception of the cross-sectional association in men. In this observational study, it cannot be determined whether this is due to mediation of insulin sensitivity in a mechanistic pathway between SHBG and WHR. However, the residual association of SHBG suggests an independent role for SHBG, by the mechanisms discussed above. In this longitudinal epidemiologic cohort study, insulin sensitivity was assessed by QUICKI, which only uses fasting blood sample measures and not more accurate but invasive and burdensome methods such as insulin and glucose clamps. It is therefore possible that there may be residual confounding by insulin sensitivity.

It is likely that measures of abdominal adiposity track sex hormone levels throughout life. Studies have shown that among young men aged 24--31 years who lost weight over 8 years there was a steep age-related increase in SHBG levels, while among those that gained weight there was an age-related decrease in T levels.^[@R13]^ Our results assess these associations later in the lifespan, showing that that among men 45--84 years of age, those with higher SHBG and T at baseline continue to have lower WHR as they age.

Our study raise some interesting, though not definitive, hypotheses regarding the association of the levels of the adrenal sex steroid DHEA with WHR. In our analysis, the associations of DHEA roughly paralleled those of T, and were attenuated in models adjusting for T. Adjustment for E2, on the other hand, accentuated the parallelism between T and DHEA, especially in men. This suggests that insofar as DHEA levels correlated with T, it was associated with lower WHR in men, and longitudinally in women, but insofar as DHEA levels correlated with E2, they were associated with higher WHR. DHEA is metabolized peripherally both into androgenic hormones including T and estrogenic hormones, including E2, and is thus expected to be correlated with both T and E2. Future studies that include measurements of intermediate metabolites of DHEA may provide more insight into these possibilities.

Another interesting hypothesis raised is whether exogenous hormones may also have effects on central obesity in the direction on the observed associations with endogenous hormones. However, these questions can only be definitively answered in controlled intervention studies.

The longitudinal nature of this multi-center study with rigorous anthropometric measurements, with adequate representation of both men and women, is a significant strength of this study. The large sample size and availability of many measured variables allowed for statistical adjustment of multiple possible confounders and exploration of different mediator variables. A potential weakness is the availability of sex hormones only at the baseline visit, which precludes assessing any changes in sex hormone levels that may have accompanied changes in abdominal adiposity. Further, levels of estrone, the major estrogen in postmenopausal women, were not available in MESA. However, we analyzed the levels of E2, the more potent circulating endogenous estrogen. Further, the cross-sectional associations of estrone and E2 with waist circumference have been shown to be similar in another study.^[@R25]^ Thus we believe that the interpretation of our results are valid.

In summary, we have shown that the strong cross-sectional association of androgens with greater WHR in women but lesser WHR in men does not result in continued longitudinal trends in WHR trajectory, especially when adjusted for levels of SHBG. However, in both men and women endogenous E2 levels are associated with a higher level of central obesity cross-sectionally and an increasing trend in obesity over follow-up. Low SHBG levels are strong correlates of current adiposity and a predictor of future increases in adiposity. This is only partially explained by being a marker of insulin resistance or a transporter for sex hormones. Future research is needed to investigate if SHBG directly affects adipose tissue metabolism and to determine if manipulation of hormones is associated with changes in central obesity.
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![Age and race adjusted waist-hip ratio at baseline by quintile of sex hormone in men (closed circles) and women (open circles) at MESA baseline examination (1998--2000). The graphed values (with standard error bars) are regression estimates standardized using the mean age of 62.2 years in men and 65.6 years in women, with the proportions of racial/ethnic groups White -- 39.3%, Chinese -- 12.3%, African-American -- 25.7%, Hispanic -- 22.7% in men, and White -- 30.3%, Chinese -- 13.6%, African-American -- 31.0%, Hispanic -- 25.2% in women. DHEA: Dehydroepiandrosterone, SHBG: Sex Hormone Binding Globulin. The heterogeneity of WC by hormone quintiles of Total Testosterone, Estradiol and SHBG, and also the linear trend by the median level of each quintile, are all statistically significant at p\<0.001; heterogeneity by DHEA quintile in men, p = 0.006, in women, p = 0.084; linear trend by median DHEA of each quintile in men, p = 0.001, in women, p = 0.091](nihms347812f1){#F1}

###### 

Baseline characteristics of men and women in the study population (Multi-Ethnic Study of Atherosclerosis baseline examination 1998--2000)

                                                 Men                           Women                      p
  ---------------------------------------------- ----------------------------- -------------------------- ---------
  N at baseline                                  3144                          2038                       
  Data available from both follow-up visits      2708 (86.1%)                  1678 (82.3%)               
  Follow-up data available from only one visit   246 (7.8%)                    178 (8.7%)                 
  No follow-up data available                    190 (6.0%)                    182 (8.9%)                 
  Age (years)                                    62.2±10.2                     65.6±9.2                   \<0.001
  Race/Ethnicity                                                                                          
  White                                          39.3%                         30.3%                      \<0.001
  Chinese                                        12.3%                         13.5%                      
  Black                                          25.7%                         31.0%                      
  Hispanic                                       22.7%                         25.2%                      
                                                 Cardiovascular Risk Factors                              
  Systolic BP (mmHg)                             125.9±19.3                    130.7±23.9                 \<0.001
  Diastolic BP (mmHg)                            75.0±9.4                      69.6±10.4                  \<0.001
  Diabetes (%)                                   15.5%                         15.8%                      0.764
  Current Smokers (%)                            14.3%                         10.6%                      \<0.001
  Current Alcohol users (%)                      62.6%                         42.4%                      \<0.001
  BP medication use (%)                          30.5%                         38.5%                      \<0.001
  Lipid medication use (%)                       17.6%                         20.6%                      0.008
                                                 Biochemical assays (mg/dL)                               
  Fasting Plasma Glucose                         107.2±33.5                    105.3±29.7                 0.034
  Serum Total Cholesterol                        188±35                        203±37                     \<0.001
  Serum LDL Cholesterol                          117±31                        122±32                     \<0.001
  Serum HDL Cholesterol                          45.0±11.8                     54.5±14.4                  \<0.001
  Serum Triglycerides                            113 \[79 to 166\]             110 \[77 to 157\]          0.026
  Serum Insulin (µU/mL)                          5.4 \[3.5 to 8.5\]            5.8 \[3.9 to 8.8\]         \<0.001
                                                 Anthropometry                                            
  BMI (kg/m2)                                    27.9±4.5                      29.0±6.1                   \<0.001
  Waist Girth (cm)                               99.3±12.2                     98.6±15.5                  0.094
  Waist-Hip Ratio (%)                            95.8±6.6%                     91.7±8.0%                  \<0.001
                                                 Sex Hormone variables                                    
  Total Testosterone (nmol/L)                    14.2 \[11.4 to 17.8\]         0.97 \[0.62 to 1.39\]      \<0.001
  Bioavailable Testosterone (nmol/L)             5.2 \[4.2 to 6.5\]            0.24 \[0.17 to 0.38\]      \<0.001
  Estradiol (nmol/L)                             0.114 \[0.088 to 0.140\]      0.059 \[0.040 to 0.084\]   \<0.001
  DHEA (nmol/L)                                  12.5 \[9.1 to 17.1\]          11.0 \[7.5 to 15.3\]       \<0.001
  SHBG (nmol/L)                                  40.8 \[31.4 to 52.7\]         50.3 \[36.7 to 69.9\]      \<0.001

###### 

Adjusted cross-sectional difference in waist hip ratio (×10^−2^) and 95% confidence intervals associated with a 1-log unit of sex hormones at baseline (Multi-Ethnic Study of Atherosclerosis baseline examination 1998--2000; N=3144 men and 2038 women)

                                                                                        Men                      Women                    p[\*](#TFN2){ref-type="table-fn"}
  ------------------------------------------------------------------------------------- ------------------------ ------------------------ -----------------------------------
  **Single hormone adjusted for age, race**                                                                                               
  **Total T**                                                                           −2.60 (−3.09 to −2.12)   0.72 (0.19 to 1.25)      [†](#TFN3){ref-type="table-fn"}
  **E2**                                                                                1.86 (1.29 to 2.42)      1.67 (1.19 to 2.16)      0.335
  1.71 (1.35 to 2.06)                                                                                                                     
  **SHBG**                                                                              −3.32 (−3.90 to −2.76)   −5.03 (−5.71 to −4.36)   0.001
  **DHEA**                                                                              −0.58 (−1.10 to −0.07)   1.08 (0.42 to 1.74)      \<0.001
  **Single hormone adjusted for age, race, HDL, log(triglycerides), SBP, glucose**                                                        
  **Total T**                                                                           −1.86 (−2.33 to −1.39)   0.41 (−0.10 to 0.91)     [†](#TFN3){ref-type="table-fn"}
  **E2**                                                                                1.16 (0.61 to 1.71)      1.11 (0.64 to 1.59)      0.934
  1.13 (0.79 to 1.48)                                                                                                                     
  **SHBG**                                                                              −1.87 (−2.46 to −1.29)   −3.42 (−4.15 to −2.69)   0.001
  **DHEA**                                                                              −0.58 (−1.07 to −0.09)   0.52 (−0.11 to 1.15)     0.004
  **Sex Hormone adjusted for SHBG, age, race, HDL, log(triglycerides), SBP, glucose**                                                     
  **Total T**                                                                           −1.48 (−2.01 to −0.96)   0.43 (−0.07 to 0.92)     [†](#TFN3){ref-type="table-fn"}
  **E2**                                                                                1.14 (0.60 to 1.68)      1.09 (0.63 to 1.55)      0.571
  1.08 (0.74 to 1.42)                                                                                                                     
  **SHBG (adjusted for T, E2), age, race, HDL, log(triglycerides), SBP, glucose**                                                         
  **SHBG**                                                                              −0.79 (−1.44 to −0.14)   −3.40 (−4.13 to −2.68)   \<0.001
  **Hormone adjusted for age, race, HDL, log(triglycerides), SBP, QUICKI**                                                                
  **Total T (adjusted for SHBG)**                                                       −1.04 (−1.54 to −0.54)   0.16 (−0.32 to 0.64)     [†](#TFN3){ref-type="table-fn"}
  **SHBG (adjusted for Total T, E2)**                                                   −0.57 (−1.20 to 0.05)    −2.39 (−3.12 to −1.67)   \<0.001
  **DHEA (adjusted for T or E2), age, race, HDL, log(triglycerides), SBP, glucose**                                                       
  **DHEA (T)**                                                                          −0.37 (−0.86 to 0.11)    0.41 (−0.25 to 1.06)     0.042
  **DHEA (E2)**                                                                         −0.88 (−0.14 to −0.37)   0.14 (−0.51 to 0.79)     0.021

Associations are considered statistically significant if the 95% confidence intervals that do not include zero. T/ Bio T -- total/bioavailable testosterone, E2 -- estradiol, SHBG -- Sex hormone binding globulin, DHEA -- dehydroepiandrosterone;

p for interaction by sex.

There is minimal overlap between the range of T levels between men and women; hence interaction p-value cannot be interpreted.

(log-base-e done)

###### 

Adjusted difference in waist hip ratio at follow-up (×10^−2^) and 95% confidence intervals associated with a 1-log unit of sex hormones at baseline, adjusting for follow-up time for individuals with the same baseline waist hip ratio (Multi-Ethnic Study of Atherosclerosis baseline examination 1998--2000, follow-up 2002 to 2005; N= 2954 men, 1856 women)

                                                                                        Men                      Women                    p[\*](#TFN6){ref-type="table-fn"}
  ------------------------------------------------------------------------------------- ------------------------ ------------------------ -----------------------------------
  **Single hormone adjusted for age, race**                                                                                               
  **Total T**                                                                           −0.72 (−1.03 to −0.41)   0.01 (−0.32 to 0.34)     [†](#TFN7){ref-type="table-fn"}
  **E2**                                                                                0.54 (0.19 to 0.89)      0.44 (0.12 to 0.75)      0.779
  0.47 (0.24 to 0.69)                                                                                                                     
  **SHBG**                                                                              −1.17 (−1.53 to −0.81)   −1.78 (−2.24 to −1.32)   0.014
  **DHEA**                                                                              −0.13 (−0.44 to 0.18)    −0.19 (−0.61 to 0.23)    0.714
                                                                                        −0.12 (−0.38 to 0.12)                             
  **Single hormone adjusted for age, race, HDL, log(triglycerides), SBP, glucose**                                                        
  **Total T**                                                                           −0.53 (−0.84 to −0.22)   −0.05 (−0.38 to 0.28)    [†](#TFN7){ref-type="table-fn"}
  **E2**                                                                                0.38 (0.03 to 0.72)      0.30 (−0.01 to 0.61)     0.951
  0.33 (0.11 to 0.55)                                                                                                                     
  **SHBG**                                                                              −0.80 (−1.17 to −0.42)   −1.43 (−1.92 to −0.93)   0.008
  **DHEA**                                                                              −0.14 (−0.44 to 0.17)    −0.33 (−0.75 to 0.08)    0.529
                                                                                        −0.19 (−0.44 to 0.06)                             
  **Sex Hormone adjusted for SHBG, age, race, HDL, log(triglycerides), SBP, glucose**                                                     
  **Total T**                                                                           −0.29 (−0.63 to 0.05)    −0.05 (−0.37 to 0.28)    [†](#TFN7){ref-type="table-fn"}
  **E2**                                                                                0.38 (0.03 to 0.73)      0.30 (−0.01 to 0.61)     0.701
  0.32 (0.10 to 0.54)                                                                                                                     
  **SHBG (adjusted for T, E2), age, race, HDL, log(triglycerides), SBP, glucose**                                                         
  **SHBG**                                                                              −0.56 (−0.98 to −0.14)   −1.43 (−1.92 to −0.93)   0.005
  **Hormone adjusted age, race, HDL, log(triglycerides), SBP, QUICKI**                                                                    
  **T (adjusted for SHBG)**                                                             −0.14 (−0.48 to 0.20)    −0.11 (−0.43 to 0.22)    [†](#TFN7){ref-type="table-fn"}
  **SHBG (adjusted for T and E2)**                                                      −0.54 (−0.95 to −0.12)   −1.22 (−1.72 to −0.72)   0.018
  **DHEA (adjusted for T or E2), age, race, HDL, log(triglycerides), SBP, glucose**                                                       
  **DHEA (T)**                                                                          −0.09 (−0.40 to 0.22)    −0.34 (−0.76 to 0.09)    0.435
  −0.17 (−0.42 to 0.09)                                                                                                                   
  **DHEA (E2)**                                                                         −0.23 (−0.55 to 0.09)    −0.46 (−0.88 to −0.03)   0.350
  −0.29 (−0.55 to −0.04)                                                                                                                  

Associations are considered statistically significant if the 95% confidence intervals that do not include zero. T/ Bio T -- total/bioavailable testosterone, E2 -- estradiol, SHBG -- Sex hormone binding globulin, DHEA -- dehydroepiandrosterone;

p for interaction by sex.

There is minimal overlap between the range of T levels between men and women; hence interaction p-value cannot be interpreted.
